ABSTRACT BACKGROUND: Pompe disease is an autosomal recessive disorder of glycogen metabolism caused by deficiency in lysosomal enzyme α-glucosidase. OBJECTIVES: We present fi rst two patients from Slovakia with confi rmed Pompe disease. METHODS: Activity of α-glucosidase was measured using 4-methylumbelliferyl-α -D-glucopyranoside with the presence of acarbose, inhibitor that eliminates isoenzyme interference of maltase-glucoamylase. This methodical approach is substantial for determination of lysosomal enzyme defi ciency. Using molecular genetic methods, PCR-RFLP and direct sequencing of coding region α-glucosidase gene (GAA) we have identifi ed causal mutations in our patients. RESULTS: Late-onset type of disease was confi rmed by measuring α-glucosidase activity in leukocytes isolated from blood. The presence of common Caucasian mutation c.-32-13T>G was proved by genetic testing in the fi rst patient in homozygous state. Second patient was a compound heterozygote, with mutation c.-32-13T>G on one allele and mutation A486P on the second allele. CONCLUSION: We present a diagnostic algorithm for diagnosing the Pompe disease in patients of European origin. Enzyme replacement therapy has been used as a treatment option for improving the quality of life of patients. Early diagnosis and treatment of Pompe disease are considered to be critical for maximum effi cacy of enzyme replacement therapy (Tab. 1, Fig. 3, Ref. 20). Text in PDF www.elis.sk.
Introduction
Pompe disease (glycogen storage disease type II, OMIM#232300) is an autosomal recessive disorder with estimated incidence 1:40 000 (1). It is caused by defi ciency in the lysosomal enzyme acid α-glucosidase (EC. 3.2.10.20) . Accumulation of glycogen in various tissues of the body and impairment of organ function is a consequence of this metabolic disorder.
Pompe disease occurs in forms classifi ed as infantile, juvenile, and adult types based on the onset and clinical presentation of the disorder. Classic infantile form is the most severe of them. Infants develop symptoms within the fi rst months of life, presenting by prominent cardiomyopathy, hypotonia and death before achieving 12 months of life due to cardiorespiratory failure (2) . The late-onset forms, referred to as juvenile and adult onsets, have symptoms that are generally limited to skeletal muscle, with a slowly progressive proximal myopathy and marked clinical involvement of respiratory muscles. Death usually occurs by respiratory failure (3, 4) .
The gene encoding acid α-glucosidase (GAA) is located on chromosome 17q25.2-q25.3 and contains 20 exons, fi rst of which is non-coding (5). The cDNA is over 3.6 kb in length, with 2,856 nucleotides of coding sequence, predicting a protein of 952 amino acids (6) . The enzyme is synthesized as a 110 kDa glycoprotein precursor which is transported to the lysosomal compartment and proteolytically processed into the 95 kDa intermediate and fully active forms of 76 and 70 kDa (7) . To date, more than 372 different variations are listed in the Pompe disease mutation database (8). Of these, 250 have been demonstrated to be pathogenic (9) . The most frequent mutation in Caucasian late-onset Pompe disease patients is c.-32-13T>G, which gives rise to alternatively spliced transcripts, including a deletion of the fi rst coding exon, but still allows for the production of a low amount (about 10 %) of normally processed mRNA. This mutation occurs in a heterozygote form in 70-90 % of patients with late-onset Pompe disease (10, 11, 12) .
In 2006, Enzyme replacement therapy (ERT) with recombinant human α-glucosidase (aglucosidase alfa, Myozyme, Genzyme) became available. Early initiation of therapy can be life-saving and prevent irreversible muscle damage, emphasizing the need for early diagnosis.
Biochemical and molecular genetic approach was used in the diagnostic scheme of patients with Pompe disease. Two lateonset patients were revealed by selective screening by measuring α-glucosidase activity in dried blood spots. The enzyme defi ciency was confi rmed by measuring α-glucosidase activity in mixed leukocytes using acarbose as inhibitor of maltase-glucoamylase activity. Based on high prevalence of c.-32-13T>G mutation in heterozygous form in late-onset Pompe disease patients, we perform the detection of this mutation using PCR-RFLP as a fi rst-step method. Sequencing analysis of the coding region of GAA gene was used for identifi cation of a second mutation. This method is also necessary in case when mutation c.-32-13T>G is not detected.
Material and methods

Samples
Samples (whole uncoagulated blood for leukocyte and DNA isolations) were submitted to our laboratory to confi rm the diagnosis of Pompe disease in patients in whom the defi ciency of α-glucosidase was supposed by selective biochemical screening by measuring α-glucosidase activity in dried blood spots.
Measurement of α-glucosidase activity
α-glucosidase activity was measured according to the method described previously by Okumiya et al (13) using fl uorogenic substrate 4-methylumbelliferyl-α -D-glucopyranoside (Glycosynth) of fi nal concentration 2 mmol.l -1 in McIlvain´s citrate-phosphate buffer pH 4,0 with 3 μmol.l -1 acarbose as an inhibitor. Reactions were terminated by 0.2 mol.l -1 Na 2 CO 3 -NaHCO 3 buffer; pH 10.7. Fluorescence was read in a Perkin Elmer fl uorimeter (excitation 360, emission 448). The control group with measured α-glucosidase activities consisted of 108 samples. In every sample, total activities (uninhibited) and activities in the presence of acarbose (inhibited) were measured. The ratio of acarbose inhibited over uninhibited activity has been calculated.
Protein concentration of samples was determined by Lowry method modifi ed by Hartree (14) using bovine serum albumin as standard.
Molecular analysis
Identifi cation of c.-32-13T>G mutation Genomic DNA was isolated from peripheral blood leukocytes using MN NucleoSpin Blood-Mini (Macheray-Nagel). Mutation c.-32-13T>G was detected by MboII digestion. The amplifi cation primers were described previously (1). The reaction mixture contained 100-150 ng genomic DNA, 100 μmol.l Amplifi cation of GAA gene The exonic sequences and the fl anking intron/exon junctions were amplifi ed by use of primers as described previously (15) . The reaction mixture contained 100 ng of genomic DNA, 200 μmol/l dNTPs, 2 mmol/l MgCl 2 , 0,3 μmol/l of each primer, 0,625 U GoTaq HotStart polymerase (Promega) in fi nal volume 25 μl. The amplification conditions were as follows: initiation denaturation 95°C for 5 min, 35 cycles of PCR with each cycle consisting of denaturation for 30 s at 95 °C, annealing for 30 s (each pair of primers have its own annealing temperature (15)), extension for 1 min at 72 °C and fi nal extension for 10 min at 72 °C. A volume of 10 μl of PCR products was run on 2 % agarose gel to verify the amplifi cation. Then, 15 μl of PCR products was purifi ed using Fast Alkaline Phosphatase and Exonuclease I before sequencing. The complete coding region of gene was sequenced on ABI Prism 3100 Avant Genetic Analyzer using ABI Prism Big Dye Terminator v3.1 Cycle Sequencing Ready Reaction Kit (Applied Biosystems). All identifi ed mutations were confi rmed by sequencing with both forward and reverse primers.
Results
Patients
Based on selective screening in dried blood spots, the diagnosis was confi rmed in two patients with late-onset type of disease. The fi rst patient, aged 18 years, developed weakness in the girdle and proximal muscle of lower extremities. Myopathic syndrome in upper extremities includes moderate hypertrophy of hypotonic muscles, and mild muscle weakness. Lower extremities showed global muscle weakness, muscle atrophy, positive Trendelenburg sign, "duck" gait, and diffi culties arising during squatting or sitting down on a lower chair. Other symptoms include scapular winging and lumbal hyperlordosis. Serum creatin kinase was 19. 9 μkat/l. The second patient, aged 37 years, was observed to have slow development of weakness in the proximal muscles of lower extremities and trunk weakness. This patient presented with a gradually progressing deterioration of walking with dominant limb girdle weakness and scapulae alatae. Serum creatin kinase was 7.7 μkat/l.
Biochemical analysis
By determining acid α-glucosidase activity in leukocytes we consider the diagnosis Pompe disease in two patients with lateonset of Pompe disease to be proven with high degree of certainty. The parameter of α-glucosidase activities is present in Table 1 . The ratio of enzyme activity (with/without acarbose) in samples was 0.10 and 0.24, respectively. The ratio of actual control samples were above 0.28.
Mutation analysis
Based on high prevalence of c.-32-13T>G in patients with late-onset type of disease, we performed detection of these mutations in our two patients. In the fi rst patient, we have found this mutation in a homozygous form; in the second patient we have found this mutation only in one allele (Fig. 1) . The presence of this mutation was confi rmed by sequence analysis (Fig. 2) . The sequence analysis in the second patient revealed an A486P mutation in exon 10 on the other allele (Fig. 3) .
Discussion
The diagnosis of Pompe disease in patients with clinical symptoms requires the evidence of α-glucosidase activity defi ciency. Usually, infants with Pompe disease have activities that are less than 1 % of the mean activity in controls. In older children and adults, the enzyme activity is markedly reduced although residual activity is present. Assay of α-glucosidase activity in mixed leukocytes from peripheral blood would be preferred for routine diagnostic practice, but is complicated by the interference of unrelated α-glucosidase isoenzymes, most of all by maltase-glucoamylase. For this reason diagnosis based on the measurement of total (uninhibited) activities is not reliable. Without acarbose samples of patients with Pompe disease it could not be discriminated from controls. Acarbose is a potent inhibitor of glucoamylase (13, 16) . The use of 3 μmol.l -1 acarbose in solution completely inhibits the maltase-glucoamylase activity in pH 4.0, but the in case of lysosomal α-glucosidase only by less than 5 %. The presence of acarbose almost eliminated the overlap of the patient and control enzymatic activities, but the discrimination remained poor. One of our patients had activity of α-glucosidase in the presence of acarbose 8 nmol.h.mg -1 . This activity is not reliable enough for the diagnosis. Nevertheless, the patient values and control reference values were well separated from each other when the data were expressed as a ratio of activities measured in the presence and absence of acarbose. Therefore, the ratio of in- hibited over uninhibited activity has to be applied as an important criterion for selecting the patients with lysosomal α-glucosidase defi ciency. According to Okumiya (13) , the recommended ratio for controls is 0.48 ± 0.09 and for patients with late-onset Pompe disease the ratio is 0.16 ± 0.02 (13) . The ratio in our patients with late-onset type of disease was 0.10 and 0.24, respectively. Low reference value for our control group reached 0.28.
In many countries, the molecular genetic diagnosis in patients with metabolic disorders as well as individual genetic testing for some gene polymorphisms infl uencing the effi ciency of considered pharmacotherapy is a routine approach. This trend has become evident in the past years also in Slovakia (17, 18) . As a fi rst step in molecular genetic diagnosis of Pompe disease, we use an algorithm with detection of mutation c.-32-13T>G. We have identifi ed this mutation in the fi rst patient in a homozygous form, whereas in the second patient in a heterozygous form. Mutation c.-32-13T>G is identifi ed frequently in European populations and has been detected on at least one allele in over two-thirds of Caucasian patients with late-onset Pompe disease (10, 12, 19) . Despite this common Caucasian mutation, most mutations are rare and limited to individual patients.
Therefore sequence analysis of GAA gene is necessary for final diagnosis. The sequence analysis of the second patient with a heterozygous mutation of c.-32-13T>G reveals an A486P mutation (c.1456G>C) in exon 10 on the second allele. This mutation was previously reported and has been classifi ed as a less severe mutation (8, 9, 15) Pompe disease is a progressive and debilitating disorder that manifests as a continuum of clinical phenotypes that vary with respect to organ involvement, age of onset, and severity. Recently, an enzyme replacement therapy (aglucosidase alfa, Myozyme) became available for Pompe disease patients, allowing treatment and improvement in the quality of life for many patients. The best therapeutic results are achieved when ERT is started early in the course of symptom development and before irreversible muscular damage occurs.
The availability and effi cacy of ERT for Pompe disease has required a test to provide rapid diagnosis for treatment to be started as soon as possible. Early diagnosis requires rapid, noninvasive, reliable, and convenient tests. In the past few years, assays on dried blood spots have been developed (20) . The measurement of α-glucosidase activity in dried blood spots samples provides a reliable, robust method for screening patients for Pompe disease. It should be used as a fi rst-tier test in cases of suspected Pompe disease. It should also facilitate the screening for Pompe disease in adult patients with unclear diagnosis of proximal and limb girdle muscle weakness. Our current experience with laboratory diagnostic of late onset form of Pompe disease support the use of biochemical enzymatic methods combined with molecular genetic methods in patients with unclear cut-off values.
